
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



SHORTER ARTICLES AND DISCUSSION 

ON THE RESULTS OP INBREEDING A MENDELIAN 

POPULATION: A CORRECTION AND EXTENSION 

OP PREVIOUS CONCLUSIONS 1 

In a recent paper by the present writer on inbreeding, 2 the con- 
clusion was reached (loc. cit., p. 608) 

that no increase in the proportion of homozygotes in the population 
follows inbreeding save under one or the other of two special condi- 
tions, viz. : 

(a) Continued self-fertilization. 

(&) Some form of gametic assortative mating which increases the 
natural probability of like gametes uniting to form zygotes. 

This conclusion is entirely correct as it stands, but also barren, 
for it overlooks the very essential fact that any sort of inbreed- 
ing involves in greater or less degree "gametic assortative mat- 
ing. ' ' The mathematical demonstration on page 608 of the paper 
referred to is also entirely correct so far as it goes, but it stops 
too soon. Up to the third generation of brother X sister mating 
starting from a population of complete heterozygotes there is no 
increase in the proportion of homozygotes beyond that prevailing 
in a general Mendelian population. In the fourth and later gen- 
erations there is, however. The blunder, kindly pointed out to 
me by Professor E. M. East, which in retrospect seems altogether 
too stupid even to be possible, was in the failure to recognize that 
after the second generation the constitution of the family would 
no longer be the same as that of the population. This is the point 
which makes illegitimate the extension by induction of the results 
up to the third generation to the generations beyond. 

The general conclusion of the former paper quoted above, 
should then be as follows : An increase in the proportion of homo- 
zygotes in the population will follow inbreeding of any sort, 
though at different rates for different types of inbreeding, 
because any inbreeding involves homogamy (or assortative mat- 
ing) in some degree. 

Having made clear the location and nature of the error I desire 
now to show in some detail exactly what results follow from con- 

1 Papers from the Biological Laboratory of the Maine Agricultural Ex- 
periment Station, No. 54. 

2 " A Contribution Towards an Analysis of the Problem of Inbreeding, ' ' 
American Naturalist, Vol. XLVII, pp. 577-614, 1913. 

57 



58 THE AMEBIC AN NATURALIST [Vol. XL VIII 

tinued brother X sister mating in a Mendelian population. To 
this we may now proceed. 

The Disteibution of a Mendelian Population in Successive 

Generations with Continued Brother X Sister 

Mating 

Let us start with a population composed entirely of complete 
heterozygotes. We shall consider a single character pair, A 
denoting the dominant character, and a the recessive. The com- 
plete heterozygote individual will then be Aa, and will produce 
in equal numbers A and a gametes. 

In making an analysis of the effect of inbreeding on the popu- 
lation it will be necessary to deal not merely with the distribu- 
tion of individuals in each generation, but also with the distribu- 
tion of families of the several types. Each mating will produce 
an array of families, as well as an array of individuals. The 
standard family throughout this discussion is taken as including 
32 individuals, of which 16 are males and 16 females. It is 
further assumed that there is no sex-linkage of characters, and 
that in any family there will be an equal number of brothers and 
sisters of each zygotic constitution represented. One family of 
16 pairs of brothers and sisters will make 16 matings and pro- 
duce 16 families of 32 individuals each. This constant rate of 
fertility is assumed throughout the discussion. 

Every mating made is of a brother with his sister. 

With so much by way of preliminary definition of the limita- 
tions, of this investigation, let us proceed to the actual analysis. 

First Generation 

Constitution of the Population. — By hypothesis all individuals 
are Aa. 

Proportion of Homozygotes in this Generation. — per cent, 
of the whole population. 

Matings to Produce the Second Generation. — Start with one 
brother X sister pair of individuals from this population. The 
mating will be Aa X Aa. This will produce one family, BAA 
+ 8Aa + 8aA + Baa. 

Second Generation 

Constitution of the Population. — 8A A + 8Aa -\- 8Aa + 8aa. 
Proportion of Homozygotes in this Generation. — 50 per cent, 
of the whole population. 
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Matings to Produce the Third Generation. — The matings of 
the one family of this generation will be as follows : 



&6" 


9 9 


<?<? 


9 9 


(1) AA 


(1) AA 


(9) aA 


(3) aA 


(2) AA 


(5) AA 


(10) aA 


(7) aA 


(3) AA 


(9) AA 


(11) aA 


(11) aA 


(4) AA 


(13) AA 


(12) aA 


(15) aA 


(5) Aa 


(2) Aa 


(13) aa 


(4) aa 


(6) Aa 


(6) Aa 


(14) aa 


(8) aa 


(7) Aa 


(10) Aa 


(15) aa 


(12) aa 


(8) Aa 


(14) Aa 


(16) aa 


(16) aa 



Third Generation Families Produced. — (Note: the numbers 
in parenthesis are to identify matings and their consequent 
families.) 
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Third Generation 
Constitution of the Population. — 

128AA + 128Aa + 128aA + 128a«. 

Proportion of Homozygotes in this Generation. — 50 per cent, 
of the whole population. 

Fourth Generation Families Produced. — The third generation 
families, when mated, will produce families as follows : 

Summarized this gives the following fourth generation families 
produced : 

(1) 4 36 families like (1) 3 
(2) 4 24 families like (2) 3 
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Fourth Generation 
Constitution of the Population. — 

2560AA + 1536Aa + 1536aA + 2560aa. 

Proportion of Homozygotes in this Generation. — 62.5 per cent, 
of the whole population. 

Fifth Generation Families Produced. — The third generation 
families, when mated, will produce families as follows : 
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(5). 
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Summarized this gives the following fifth generation families 



produced : 



(1). 848 
(2), 352 
(3), 80 
(4) 5 352 
(5), 832 
(6), 352 
(7) B 80 
(8), 352 
(9)b 848 
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families 
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families 
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families 
families 
families 
families 



like (1) 3 
like (2), 
like (4) 3 
like (5) 3 
like (6)3 
like (8)3 
like (13) a 
like (14) 3 
like (16), 



4096 (=16 X 256). 

Fifth Generation 

Constitution of the Population. — 

44.736AA + 20,4S0Aa +. 20,480aA + 44,736aa. 
Proportion of Homozygotes in This Generation. — 68.75 
cent, of the whole population. 

Sixth generation families produced: 

17,216 families like (1), 

4,480 families like (2) 3 

832 families like (4) 3 

4,480 families like (5) 3 

11,520 families like (6), 

4,480 families like (8) 3 

832 families like (13), 

4,480 families like (14), 



per 
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17,216 families like (16), 



65,536 (=±=16 X 4,096). 

Sixth Generation 
Constitution of the Population. — 

786,43244 + 262,1444* + 262,144*4 + 786,432aa. 

Proportion of Homozygotes in This Generation. — 75 per cent, 
of the whole population. 

From this point on it will not be necessary to carry out the 
work in detail. The. final results are given in Table I for four 
more generations. 

TABLE I 

Showing the Constitution of the Population After 7 to 10 
Generations of Brother X Sister Mating 
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7,381,975,040 


61,337,501,696 


89.26 



It is evident that the proportion of homozygotes is approaching 
100 per cent, in the same manner as in the case of self-fertiliza- 
tion, worked out by East, Jennings and others, but at a slower 
rate. 

In a later paper I hope to take up the problem of the general 
formulse for finding the constitution of a Mendelian population 
after n generations of inbreeding of the different types, and at 
the same time discuss the relation of these results to the coeffi- 
cients of inbreeding described in my former paper. It should be 
specifically mentioned that, in the light of the data here set forth, 
those criticisms of the conclusions of East and Hayes made in my 
former paper 3 which were based on the erroneous assumption of 
a fundamental difference between self-fertilization and all other 
forms of inbreeding in respect to homozygosis, have no validity 
whatever. It scarcely needs to be said that the blunder on the 
theoretical side here corrected in no wise affects the usefulness of 
inbreeding coefficients. Raymond Pearl 

s Of. Pearl, loc. cit., p. 606, 609 and 610. 



